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Invention Title 
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Inventor(s) 

Lormeau et al. 


Address to: 

Commissioner of Patents and Trademarks 
Washington D.C. 20231 
Box Pat. Ext. 


Choay, S.A., assignee and owner of the entire 100% interest in U.S. patent 
4,692,435 (the "'435 patent") submits this request for patent term extension for the 
'435 patent. 

(1) The approved product is LOVENOX® enoxaparin, a low molecular weight 
heparin product, containing a mixture of lower molecular weight fractions in the 
range of about 2,000 to about 4,000 daltons with higher molecular weight fractions of 
a molecular weight in the range of about 4,000 to about 10,000 daltons as determined 
by gel permeation chromatography. 

(2) Regulatory review of LOVENOX® enoxaparin occurred under 21 U.S.C. § 355. 

(3) the LOVENOX® product received permission for commercial marketing under 21 
U.S.C. § 355 on March 29, 1993. 

(4) The only active ingredient in the LOVENOX® product is enoxaparin. Enoxaparin 
has not been previously approved for commercial marketing or use under the Federal 
Food, Drug and Cosmetic Act, the Public, Health Service Act, or the Virus-Serum- 
Toxin Act. 

(5) This application is being submitted by the owner of the '435 patent, Choay S.A., 
within the sixty day period permitted for submission pursuant to 37 CFR § 1.720(f). 
The last day on which the application could be submitted is May 28, 1993. 

(6) The patent for which an extension is being sought is U.S. 4,692,435, issued 
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September 8, 1987. The inventors were Jean-Claude Lormeau, Jean Goulay, and Jean 
Choay. The '435 patent currently expires December 4, 2001. 

(7) A copy of the '435 patent is attached hereto as Exhibit A. 

(8) A copy of a terminal disclaimer, disclaiming the terminal portion of the '435 
patent is attached hereto as Exhibit B. No certificates of correction or reexar^ination 
certificates have been issued. maintenance payments have been made. 


^xarmnatic 


(9) The '435 patent claims the approved product, methods of using the approved 
product, and methods of making the approved product. The applicable patent claims 
and the manner in which each applicable claim reads on the approved product or 
method of using the approved product follows: 

Claim 18. Heparinic mucopolysaccharide fractions having 
constituents of a molecular weight not in excess of about 10,000 
daltons, which fractions have (1) a mixture of lower molecular 
weight fractions in the range of about 2,000 to about 4,000 
daltons with higher molecular weight fractions of a molecular 
weight in the range of about 4,000 to about 10,000 daltons, (2) a 
Yin-Wessler of at least 40, and (3) a ratio of Yin-Wessler to USP 
titer in the range of 3 to 5, which mixture of fractions have 
improved antithrombotic activity in vivo which is higher than that 
of heparin and a whole anticoagulation activity lower than that of 
heparin, and the physiologically acceptable salts thereof. 

LOVENOX® enoxaparin contains heparinic mucopolysaccharide fractions having 

(a) The Lovenox® product package insert indicates that, at minimum, 68% of the 
LOVENOX® mucopolysaccharides have molecular weights between 2000 and 
8000 daltons; no more than 15% have molecular weight greater than 8000 
daltons, and no more than 20% have molecular weights less than 2,000 daltons. 
A study on the LOVENOX® product by Choay indicated that 90% of the 
mucopolysaccharides had molecular weights between 1900 and 8500 daltons, 
and fewer than 1% had molecular weights greater than 11,000 daltons, or less 
than 1600 daltons, as measured by gel permeation chromatography; 

(b) A study on the LOVENOX® product by Choay indicated that 

(i) roughly half of the mucopolysaccharides had molecular weight between 
10333 and 4096 daltons, and roughly half have molecular weight 
between 4096 and 2050 daltons; 

(ii) it exhibitited a Yin-Wessler of at least 40, namely approximately 240- 
250 U/mg; 

(iii) a ratio of Yin-Wessler to USP titer in the range of 3 to 5, namely 
about 4.36; 


128304 


Page 2 of 1 1 


r 


(c) The LOVENOX® product has improved antithrombotic activity in vivo which 
is higher than that of heparin and a whole anticoagulation activity lower than 
that of heparin. 

(d) The LOVENOX® mucopolysaccharide fractions are sodium salts. 

Claim 19. The heparinic mucopolysaccharide fractions of claim 18 
wherein the lower molecular weight fractions are free of nucleic 
acids. 


LOVENOX® enoxaparin is substantially free of nucleic acids. 

Claim 21. The heparinic mucopolysaccharides of claim 18 wherein 
the molecular weight is not in excess of about 8,000 daltons. 

See the comment above on the molecular weight of LOVENOX® 
mucopolysaccharides. 

Claim 31. The heparinic mucopolysaccharides of claim 18 wherein 
fractions have a molecular weight range of about 2,000 to about 
8,000. 

See the comment above on the molecular weight of LOVENOX® 
mucopolysaccharides. 


Claim 32. The heparinic mucopolysaccharide fractions of claim 19 
which are soluble in an aqueous-alcoholic medium, and insoluble in 
pure alcohol. 


The LOVENOX® enoxaparin heparinic mucopolysaccharide fractions are 
soluble in an aqueous-alcoholic medium, and insoluble in pure alcohol. 

Claim 1 1. A therapeutic composition for controlling thrombosis and 
decreasing hemorrhaging and of blood hypercoagulation risks 
which comprises a therapeutically acceptable carrier and heparinic 
mucopolysaccharide fractions having constituents of a molecular 
weight not in excess of about 10,000 daltons, which fractions 
have (1) a mixture of lower molecular weight fractions in the range 
of about 2,000 to about 4,000 daltons with higher molecular 
weight fractions of a molecular weight in the range of about 4,000 
to about 10,000 daltons, (2) a Yin-Wessler of at least 40, and (3) a 
ratio of Yin-Wessler to USP titer in the range of 3 to 5, and the 
physiologically acceptable salts thereof, which mixture of fractions 
have improved antithrombotic activity in vivo which is higher than 
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that of heparin and a whole anticoagulation activity lower and 
slower than that of heparin. 


The LOVENOX® product is a therapeutic composition for controlling thrombosis and 
decreasing hemorrhaging and of blood hypercoagulation risks. It contains a 
therapeutically acceptable carrier. The composition of the mucopolysaccharide 
fractions is described above with respect to claim 18. 

Claim 1 2. The therapeutic composition of claim 1 1 which is a 
solution. 


The LOVENOX® product is marketed as a solution. 


Claim 13. The therapeutic composition of claim 12 wherein the 
heparinic mucopolysaccharides fractions are in solution in a 
concentration of about 1,000 to 100,000 Yin-Wessler units per ml. 

The LOVENOX® product is marketed in solution. Choay S.A. has determined 
that the solution has a concentration of roughly 25,000 Yin-Wessler units per ml, 

Claim 14. The therapeutic composition of claim 13 which is a 
solution of the mucopolysaccharides in a concentration of about 
5,000 to about 50,000 Yin-Wessler units per ml. 

The LOVENOX® product is marketed in solution. Choay S.A. has determined 
that the solution has a concentration of roughly 25,000 Yin-Wessler units per mL. 

Claim 15. The solution of claim 12 which is apyrogenic. 

The LOVENOX® product is apyrogenic. 

Claim 16. The solution of claim 15 which is sterile. 
The LOVENOX® product is sterile. 


Claim 4. A therapeutic method for controlling thrombosis and 
decreasing blood hypercoagulation and hemorrhaging risks in a 
patient which comprises administering to the patient in an 
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antithrombotic effective amount, a' composition which comprises a 
therapeutically acceptable carrier and heparinic mucopolysaccharide 
fractions having constituents of a molecular weight not in excess 
of about 10,000 daltons, which fractions have (1) a mixture of 
lower molecular weight fractions in the range of about 2,000 to 
about 4,000 daltons with higher molecular weight fractions of a 
molecular weight in the range of about 4,000 to about 10,000 
daltons, (2) a Yin-Wessler of at least 40, and (3) a ratio of 
Yin-Wessler to USP titer in the range of 3 to 5, and the 
physiologically acceptable salts thereof, which mixture of fractions 
have improved antithrombotic activity in vivo which is higher than 
that of heparin and a whole anticoagulation activity lower than that 
of heparin, and said method controlling thrombosis by selectively 
inhibiting coagulation factor Xa while also having a whole 
anticoagulation effect which is slower and lower than that of 
heparin. 


The LOVENOX® therapeutic composition has been approved by the FDA for 
use in a method for prevention of deep vein thrombosis, which may lead to 
pulmonary embolism following hip replacement surgery, via injection of LOVENOX® 
solution. The composition has been described above under claim 18. 

Claim 5. The method of claim 4 wherein the administration is by 
injection or infusion to the patient. 

The LOVENOX® product has been approved by the FDA for administration 
by injection. 

Claim 6. The method of claim 5 wherein the administration by 
injection is sub-cutaneous. 


LOVENOX® has been approved by the FDA for administration by injection. It 
is not indicated for intramuscular administration. It may be administered sub- 
cutanaceously. 

Claim 7. The method of claim 6 wherein the dosage administered 
sub-cutaneously is from about 1,000 to about 25,000 Yin-Wessler 
units per ml. 


The LOVENOX® product is marketed in solution. Choay S.A. has determined 
that the concentration is roughly 25,000 Yin-Wessler units per mL. 

Claim 47. The therapeutic method of claim 4 wherein the patient 
is exposed to risks of hypercoagulatability. 
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LOVENOX® enoxaparin is indicated for patients who are exposed to risks of 
hypercoagulatability. 

Claim 33. A therapeutic composition which presents less risks 
than heparin of blood hypercoagulation and of a host 
hemorrhaging, which composition has improved antithrombotic 
activity (anti-Xa activity) and improved selectivity with respect to 
anti-Xa activity than heparin in vivo and a lower and slower 
anticoagulation activity than heparin, and which composition 
comprises a therapeutically acceptable carrier and an 
antithrombotic effective amount of heparinic mucopolysaccharide 
fractions having constituents of a molecular weight not in excess 
of about 10,000 daltons, which fractions have (1) a mixture of 
lower molecular weight fractions in the range of about 2,000 to 
about 4,000 daltons with higher molecular weight fractions of a 
molecular weight in the range of about 4,000 to about 10,000 
daltons, (2) a Yin-Wessler of at least 40, and (3) a ratio of 
Yin-Wessler to USP titer in the range of 3 to 5, which mixture of 
fractions have improved antithrombotic activity in vivo which is 
higher than that of heparin and a whole anticoagulation activity 
lower than that of heparin, and the physiologically acceptable salts 
thereof. 


The LOVENOX® product is a therapeutic composition which presents less 
risks than heparin of blood hypercoagulation and of a host hemorrhaging. The 
composition and properties of LOVENOX® are discussed above with respect to claim 
18. 

Claim 35. The therapeutic composition of claim 33 in which the 
molecular weight of the heparinic mucopolysaccharides is not in 
excess of about 8,000 daltons. 

See comment (a) to claim 18 for the molecular weight distribution of 
LOVENOX® enoxaparin. 
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(10) The relevant dates and information pursuant to 35 USC 156(g) in order to 
enable the Secretary of Health and Human Services to determine the applicable 
regulatory review period is: 


IND number: 
IND effective date: 

NDA number 
NDA effective date: 
NDA approval date: 


31532 

May 19, 1988 
20-164 

December 31, 1991 
March 29, 1993 
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(11) The LOVENOX® NDA was approved hy the FDA on an IND and NDA filed 
by Rhone-Poulenc Rorer Pharmaceuticals, Inc. ("RPRP"), the licensee of the '435 
patent. As a brief description of the significant activities undertaken by Rhone- 
Poulenc Rorer Pharmaceuticals, Inc., during the applicable regulatory review period 
with respect to the approved product and the significant dates applicable to such 
activities, attached hereto as Exhibit C is a brief chronology of the communications 
with the FDA during the regulatory review period ending with approval on March 29, 
1993. 
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(12) In the opinion of the applicant, the '435 patent is eligible for patent term 
extension under 35 USC 156 because 

(a) 35 U.S.C 156(a) 

The '435 patent claims a product, and a method of using a product. 

(b) 35 U.S.C 156(a)(1) 

The term of the '435 patent has not expired before submission of this 
application. 

(c) 35 U.S.C. 156(a)(2) 

The term of the '435 patent has never been extended. 

(d) 35 U.S.C. 156(a)(3) 

The application for extension is submitted by Choay S.A., the owner of record 
in accordance with the requirement of 35 U.S.C. 156(d) and rules of the U.S. 
Patent and Trademark Office. 

(e) 35 U.S.C. 156(a)(4) 

The LOVENOX® product has been subjected to a regulatory review period 
before its commercial marketing or use. 

(f) 35 U.S.C. 156(a)(5)(A) 

The commercial marketing or use of the LOVENOX® product, after the 
regulatory review period is the first permitted commercial marketing or use of 
LOVENOX® product under the provision of the Federal Food Drug and 
Cosmetic Act (21 U.S.C. 355) under which such regulatory review period 
occurred. 

(g) 35 U.S.C. 156(c)(4) 

No other patent has been extended for the same regulatory review period for 
the LOVENOX® product. 

The length of extension of the patent term of the '435 patent claimed by applicant is 
887 days, until May 9, 2004. The length of the extension was determined pursuant to 
37 C.F.R. 1.775 as follows: 


(a) 1163 The number of days in the period beginning on the date 

an exemption under subsection (i) of section 505 or 
subsection (d) of section 507 of the Federal Food Drug 
and Cosmetic Act became effective for the approved 
product (May 19, 1988) and ending on the date the. 
application was initially submitted for such product under 
those sections or under section 351 of the Public Health 
Service Act (July 26, 1991); (37 C.F.R. 1.775(c)(1)) 

(b) 612 The number of days in the period beginning on the date 
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the application was initially submitted for the approved 
product under section 351 of the Public Health Service 
Act, subsection (b) of section 505 or section (507) of the 
Federal Food, Drug, and Cosmetic Act (July 26, 1991) 

finn PTlHinP on tnp HntP ^npn annli potion u/ac nnnrnupH 

under such section (March 29, 1993). (37 CF.R. 
1.775(c)(2)) 

(c) 

1775 

The sum of (a) and (b). This is the regulatory review 
period. (37 CF.R. 1.775(c)) 

(d) 

0 

the number of days in the regulatory review period which 
were on and before the '435 patent issued (September 8, 
1987). (37 CF.R. 1.775(d)(l)(i)) 


(e) 

0 

the number of days in the regulatory review period during 
which it is determined under 35 U.S.C 56(d)(2)(B) by the 
Secretary of Health and Human Services that applicant 
did not act with due diligence. 1 (37 CF.R. 1.775(d)(l)(ii)) 


(0 

0 

the sum of (d) and (e). 
• 

(c) - (f) 

(g) 

1775 

(g) 

887 

1/2 of (g) 

(h) 

887 

(g) minus (f) (37 CF.R. 1.775(d)(1)) 

(i) 

12/4/2001 

The original term of the '435 patent, shortened by any 
terminal disclaimer. 

0) 

5/9/2004 

The original term of the patent as shortened by any 
terminal disclaimer plus the number of days in (h). (37 
CF.R. 1.775(d)(2)) 

(k) 

3/29/2007 

The date of approval of the application under section 351 
of the Public Health Service Act, or subsection (b) of 
section 505 or section 507 of the Federal Food, Drug and 
Cosmetic Act plus 14 years. (37 CF.R. 1.775(d)(3)) 

0) 

5/9/2004 

The earlier of (j) and (k). (37 CF.R. 1.775(d)(4)) 

1. There has been no such determination. To the best of applicant's knowledge, RPRF 
was diligent during the regulatory review period. 
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(m) 12/4/2005 (i) plus 5 years. (37 CF.R. 1.775(d)(5)(i)) 

(m) 5/9/2004 The earlier of (1) and (m). (37 CF.R. 1.775(d)(5)(ii)) 


(13) The applicant acknowledges a duty to disclose to the Commissioner of Patents 
and Trademarks and the Secretary of Health and Human Services or the Secretary of 
Agriculture any information which is material to the determination of entitlement to 
the extension sought. 

(14) Please charge the proscribed fee for receiving and acting upon the application 
for extension pursuant to 37 CF.R. 1.20(j) to deposit account 11-0600. 

(15) Please address inquiries and correspondence to the undersigned. 

(16) A triplicate of these application papers is submitted herewith. 

(17) A declaration pursuant to 37 CF.R. 1.740(blis attached hereto as Exhibit D. 


Dated: May 24 , 199 3 



Steven J. l.ee (Reg. No. 31,272) 


KENYON & KENYON 
One Broadway 
New York, N.Y. 10004 
(212) 425-7200 (telephone) 
(212) 425-5288 (facsimile) 
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[57] ABSTRACT 
The invention pertains to a mucopolysaccharide frac- 
tion obtainable from heparin or from fractions including 
heparinic constituents of molecular weights from 2000 
to 50,000, which has a Yin-Wessler titer which is high 
relative to the USP tiler. It contains components whose 
molecular weights are less than 10,000, particularly 
oligosaccharides in the area of 2000-3000, comprising 
from 8 to 12, notably 10 monosaccharide units, among 
which glucosamine units whose primary positions are 
sulphaied. The last mentioned oligosaccharides include 
one N-acetyl-glucosamine unit per two units of 2-O-sul- 
phate iduronic acid and per two N-sulphate-glucosa- 
rnine units, the other saccharide units being of a differ- 
ent nature and including distinct substituents. 

48 Claims, 15 Drawing Figures 
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MUCOPOLYSACCHARIDE COMPOSITION 
HAVING A REGULATORY ACTION ON 
COAGULATION, MEDICAMENT CONTAINING 
SAME AND PROCESS OF PREPARATION 5 

This is a continuation of application Ser. No. 204,505 
filed on Nov. 5, 1980, now abandoned. 

The invention relates to a mucopolysaccharide frac- 
tion endowed with biological properties, enabling it 10 
notably to play a regulator role with respect to blood 
coagulation. Such a fraction can notably be obtained 
from heparin preparations, such as mammalian tissue 
extracts. 

Certainly heparin is doubtless until now one of the 15 
most important anticoagulant medicaments, if not the 
most important, available to Lhe clinician. It is in fact 
capable of taking part at several levels in cascades of 
successive enzymatic reactions, which are normally 
engaged in the course of physiological hemostasis, in " U 
any situation capable of resulting in hypercoagulability 
of the blood. It is more particularly capable of simulta- 
neously depressing a large number of the coagulation 
factors participating to the creation and the up keeping ^ 
of different forms of hypercoagulability. 

There will be recalled below, within the limits neces- 
sary for clarity of the description, some of the basic 
notions, purposely expressly simplified, relating to co- 
agulation. The coagulation process comprises in fact ^ 
three phases generally described as successive, even if 
they are intrically interrelated: 

thromboplastin formation, the phase of prothrombin- 

ase (or active thromboplastin) formation, 
thrombin formation, which phase can be summarized 35 
as the conversion of the prothrombin into thrombin 
under the influence of prothrombinase in the pres- 
ence of ionized calcium and finally, 
fibrin formation, the phase in the course of which the 
blood fibrogen is, under the effect of the thrombin, 40 
converted into fibrin, which protein tends to be- 
come insoluble. 
The formation of prothrombinase occurs, in the 
course of the thromboplastin formation step essentially 
according to two different routes: the intrinsic or endo^ 45 
genie route, and the extrinsic or exogenic route, which 
end in the formation of prothrombinases of respectively 
plasmatic and tissular origins, both capable of activating 
prothrombin into active thrombin. 

The intrinsic or endogenic route (or system) involves 50 
a large number of factors or plasmatic proenzymes 
capable of being successively activated (factors XII, XI, 
IX, VIII and X), where each activated product (factors 
Xlla, XIa, IXa, Villa and Xa) acts like an enzyme capa- 
ble of activating the following proenzyme, the activated 55 
X factor (Xa) then taking part, notably by reaction with 
the V factor and a phospholipid of platelet origin, in the 
production of active endogenic plasmatic prothrombin- 
ase. The extrinsic or exogenic system, which can nota- 
bly be directly dependent of a tissular lesion, calls upon 60 
a more limited number of factors and includes notably 
the production of tissular thromboplastin which, in 
combination with the VII factor, can, just as the factor 
Villa, convert the inactive X factor into the Xa factor. 
The activation sequence of the prothrombin into throm- 65 
bin is then substantially the same as for the intrinsic 
system, but the phospholipid is here of tissular and not 
of plasmatic origin. 
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It is hence possible, to some limited extent to express 
the idea that the two intrinsic and extrinsic routes join 
each other at the level of the activation of the X factor 
(also called Stuart factor), the two following phases of 
coagulation — thrombin formation and fibrin formation, 
no longer then giving rise to a distinction between the 
intrinsic and extrinsic routes. 

The outcome of the coagulation process consists in 
lhe formation of an insoluble fibrin clot, intended nota- 
bly to fill in the lesion at the origin of the triggering of 
this process, for example at the level of a blood vessel. 

These coagulation processes normally give rise then 
to a process, called fibrinolysis, intended to produce 
lysis of the clot, notably under the effect of plasmin, 
which enzyme only exists normally in the circulating 
blood in the form of an inactive precursor, plasminogen, 
the fibrin itself constituting nonetheless one of the fac- 
tors capable of initiating the conversion of the inactive 
plasminogen into fibrinolytically active plasmin. 

In fact, although there has, in the foregoing, been 
presented systems of coagulation and of fibrinolysis as 
two processes occuring successively in time, it is still 
not normally so in reality. In fact, there are involved 
balanced mechanisms, according to extremely complex 
processes, under the dependence of harmoniously op- 
posed activator and inhibitor factors. The unbalance of 
these mechanisms, in the sense of hypercoagulability, is 
then capable of resulting in thromboses. On the other 
hand, a disequilibrium in the sense of hypocoagulability, 
exposes the host to hemorragic risks. 

It is obviously to palliate the effects of hypercoagula- 
bility that recourse is currently had to the powerful 
anticoagulant properties of heparin, in order to bring 
back the coagulation-fibrinolysis mechanism to equilib- 
rium, each time that the latter is subjected to a consider- 
able disturbance, for example on the occasion of a surgi- 
cal operation on the host. It is however well known that 
these attempts at re-equilibration are extremely delicate 
and that, consequently, the administration of too high a 
dose of anticoagulant medicament — or the insufficient 
selectivity of the latter— for the purpose of preventing 
the risks of hypercoagulation, for example the appear- 
ance of post-operative thromboses, may finally be at the 
origin of serious hemorragies: whence the necessity of 
constant watch of the treated patients and of the neces- 
sary adjustments of the doses administered — continu- 
ously or discontinuously — according to the results of 
tests, notably of overall coagulability, like the Howell 
time, which must be practiced at regular intervals. 

It is hence an object of the invention to provide active 
principles of medicaments (and the medicaments them- 
selves) capable of overcoming these difficulties at least 
in part, notably which are capable of permitting a possi- 
ble re-equilibration and/or easier control, at the cost of 
a lesser clinical watch of the coagulation-fibrinolysis 
system in patients afflicted with a pathology of the 
coagulation which have undergone a treatment, such as 
a surgical operation, which expose them to risks of 
hypercoagulability. 

The invention relates more particularly to a mucopol- 
ysaccharide fraction exerting a regulator effect with 
regard to coagulation, notably in causing it to be de- 
layed, yet upon bringing into play inhibitory actions 
which are more selective than those of heparin, with 
respect to a smaller number of coagulation factors, 
more particularly with respect to the activated X factor. 

The invention hence relates to a mucopolysaccharide 
fraction obtainable from heparin or from fractions in- 
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eluding hepariiiic constituents of molecular weights 
extending notably from about 2,000 to 50,000, such as 
obtained by extraction from mammalian tissues, this 
fraction being characterized in thai it is soluble in an 
aqueous-alcoholic medium (water-ethanol) having a 5 
titer of 55°-6l g GL, in that it tends to insolubility in a 
water-ethanol medium having a higher alcohol content, 
in that it is insoluble in pure alcohol, and in that it has a 
Yin-Wessler titer and a USP titer which are respec- 
tively in a ratio at least equal to 2, notably at least 3, 10 
preferably higher than 6. 

These mucopolysaccharide fractions give rise to sup- 
plementary fractionations, enabling the preparation of 
mucopolysaccharide fractions of high specific activity, 
at the level of the Yin-Wessler titer and having ratios of 15 
the Yin-Wessler titer to the USP titer exceeding 10, 
even 16. 

The Yin-Wessler titer is measured by the technique of 
these authors which is described in "J. Lab. Clin. 
Med.", 1976, 81, 298-300. 20 

The USP tiler, which measures, in manner known in 
itself, an overall coagulation intensity under well deter- 
mined conditions, is well known. It is recalled that it is 
determined in the manner described in the Phar- 
maeopea of the United States XIX, pp. 229-230, (see 25 
also the Second Supplement USP-NF, p. 62, and the 
Fourth Supplement USP-NF, p. 90, respectively enti- 
tled "Drug Substances and Dosage Forms". 

The invention provides a particularly interesting ac- 
tive principle owing to the capacity that it has of inhibit- 30 
ing the Xa factor in a manner which may be very selec- 
tive, which capacity contrasts with its activity on the 
overall coagulation, which may be maintained at a very 
low level. 

This mucopolysaccharide fraction hence constitutes a 35 
particularly advantageous anticoagulant medicament 
active principle, to the extent that it may to this day be 
admitted that a preferential inhibition of an activated 
factor, occuring at a stage closer to thombin formation, 
practically at the intersection of said intrinsic and ex- 40 
trinsic routes and downstream thereof, is liable of ensur- 
ing protection against the risk of hypercoagulability, 
equivalent to that procured by heparin currently used in 
therapeutics, without however, by reason of this selec- 
tivity of action, resulting in the same hemorragic risks as 45 
those of conventional heparin. The latter is in effect 
adapted to inhibit not only the Xa factor, but also other 
factors coming into play both upstream and down- 
stream of the latter, at other stages of the coagulation 
routes, for example the factor Ha. It is believed that the 50 
re-equilibration in vivo of the coagulation and fibrinoly- 
sis system, when the latter tends to become unbalanced 
under the effect of a pathological cause or of an external 
operation, for example surgery is easier to achieve with 
a medicament acting selectively on a specific factor, the 55 
factor X, more particularly at the level of inhibition of 
the factor Xa, than with a medicament capable of acting 
in un-differentiated manner on several coagulation fac- 
tors at once. 

The invention relates also to a process for obtaining 60 
such a mucopolysaccharide fraction, this process com- 
prising: 

suspending in an aqueous alcoholic medium of the 
water-ethanol type, having a titer comprised between 
about 55° and about 61° GL, preferably of the order of 65 
58° GL, of a substance based on heparin or hepariiiic 
constituents whose molecular weights range notably 
from 2,000 to 50.000, this substance having a low con- 


tent of inorganic salts, preferably less than 1% by 
weight, 

separating the insoluble fraction and recovering the 
solution containing the dissolved mucopolysaccharide 
fraction, from which it can in its turn be separated, 
notably by alcoholic precipitation, from the above-men- 
tioned aqueous alcohol medium. 

The starting material, from which the mucopolysac- 
charide according to the invention may be extracted, 
may be constituted by a heparin of conventional, injec- 
table pharmaceutical quality, or by a crude heparin such 
as is obtained at the end of extraction operations for this 
active principle from tissues or organs of mammals, 
notably from intestinal mucous or from lungs, for exam- 
ple of pork or beef. It can also be constituted by frac- 
tions which are normally discarded (waste) in the purifi- 
cation of such crude heparin, for obtaining a heparin of 
injectable quality and of higher specific activity, pro- 
vided of course that the waste materials of lower spe- 
cific activity still contain hepariiiic constituents. 

It is then possible, from raw materials of this type, 
substantially free from proteins, from nucleic acids and 
from inorganic salts, preferably when the contents by 
weight of the latter are less than 1%, to obtain by ex- 
traction with 55°-6i° GL alcohol a mucopolysaccha- 
ride fraction containing constituents of low molecular 
weight, of which the Yin-Wessler and USP titers are in 
a ratio of about 2 to about 5, notably from 3 to 5. 

It may be remarked that in using water-ethanol mix- 
tures having more than 6T GL, the extraction yield 
becomes practically zero. On the other hand, the use of 
aqueous-alcoholic medium of a titer less than 55* GL 
results in the solubilization of constituents whose pres- 
ence leads to the lowering of the ratio of the Yin-Wes- 
sler/USP titers. 

It is to be noted that it is possible to proceed with 
additional fractionations of the mucopolysaccharide 
fraction obtained at the end of the above-mentioned 
process, by various techniques, such as gel-filtration or 
again selective precipitation in an aqueous-alcoholic 
medium of predetermined titer, in the presence of pro- 
portions also predetermined of an inorganic salt, such as 
sodium chloride. 

An additional fractionation may be achieved by a 
supplementary step applied to each mucopolysaccha- 
ride fraction, previously redissolved in water, which 
step consists of adding to this aqueous solution from I to 
2 volumes of ethanol and from 10 to 100 g/I of sodium 
chloride and of collecting, on the one hand, the equally 
active precipitate formed and, on the other hand, the 
content remaining dissolved in the supernatant liquor, 
notably by a further alcoholic precipitation, and which 
constitutes a fractionation product whose Yin-Wessler 
and USP titers respectively are in a ratio still higher, of 
the order of 6 to 8, than that relating to the initial frac- 
tion, notably of the order of 3. 

Mucopolysaccharide fractions having a ratio of Yin- 
Wessler/USP titers which are higher can also be ob- 
tained by gel-filtration from the fractions of the first 
extraction by the SS'-OT GL aqueous-alcohol medium, 
after prior redissolution of the latter fractions in an 
aqueous solvent, such as a 0.5M NaCI; 0. IM tris-HCl 
solution at pH 7.5. Such a solution may be passed 
through a gel of polyacryiamide and agarose, in bead 
form, having the tradename ULTROGFIL AcA 44, 
whose effective fractionating zone is situated between 
effective molecular weights of 4,000 to 60,000 (for lin- 
ear molecules). 
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Mucopolysaccharide fractions of the invention, 
which have a higher Yin-Wessler/USP titer-ratios, are 
those which How after the elution of a volume of 2.5 
liters, dead volume not included (the dead volume being 
the volume of liquid contained in the column of gel, 5 
notably in the interstitial spaces between the grains of 
gel), when the gel-filtration is carried out, with a flow 
rate of 200 ml/hour, in a column having a diameter of 
100 mm and a height of 1 m and when the concentration 
of mucopolysaccharide and the volume of solution 10 
placed on the column have been respectively 50 mg/ml 
and 37.5 ml. The most active fractions are then con- 
tained in the 1.5 liters which flow subsequently. The 
content of the first 2.5 liters is to a great extent formed 
from heparane-sulphates or hepariline-sulphates, prod- 15 
ucts of high molecular weight and of high viscosity, 
which do not have anticoagulant activity. 

The passage from one column to another column of 
the same length but of different cross-section entails 
modification of the volume of solution (of the same 20 
concentration) to be placed on the other column, with 
respect to the volume placed on the preceding column, 
in a ratio equal to the square of that of the cross-sections 
(or diameters) of these columns, in order that the same 
fractions may be obtained in an elution volume from the 25 
other column itself also occuring in a ratio with the 
corresponding elution volume of the preceding column 
substantially equal to the square of the ratio of said 
cross-sections. 

Gel-filtrations of this type also have the additional 30 
advantage, apart from that which resides in the produc- 
tion of fractions in which the ratio of the Yin-Wessler- 
/USP titers is more favorable, of providing products 
whose solutions have low viscosity. 

In this respect, it should be noted also, that the pro- 35 
cess according to the invention of extraction of muco- 
polysaccharide fractions by means of a 55 a -6i° GL, 
preferably 58° GL alcohol solution, from a commercial 
or purified heparin, notably of injectable quality, still 
containing notably proportions of heparane-sulphates 40 
or similar products with high molecular weight, also 
constitutes in itself a process enabling the reduction in 
considerable proportions of the viscosity of the aqueous 
solutions, which can then be formed from these hepa- 
rins, then essentially free from these mucopolysaccha- 45 
ride fractions. 

This reduction in viscosity presents a certain advan- 
tage, having regard to the subsequent application of 
such heparins in anticoagulant therapy, by parenteral, 
notably sub-cutaneous injection. 50 

From fractions having ratios of Yin-Wessler/USP 
titers of the order of 6 to 8, it is possible to obtain, by 
additional fractionations, notably by gel filtration or the 
like, mucopolysaccharide fractions characterized by 
ratios of Yin-Wessler/USP titers exceeding 10, notably 55 
of the order of 13-16, and having Yin-Wessler titers 
higher than 130, notably 135 to 160 units/mg. 

It is understood that the foregoing indications of 
molecular weights (and which also follow, notably in 
the examples) are derived from measurenunts of the 60 
retention time of solutions having a predetei mined con- 
tent of the substance studied, in experiments of gel per- 
meation through a column of gel, under equally prede- 
termined elution conditions, the logarithms of these 
molecular weight indications being in the same relation- 65 
ship of proportionality with respect to the above-said 
measurements of retention time, as are those of the 
molecular weights of 4,000, 6,500, 16,000, 31,000 re- 
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speciivcly, of polystyrene-sodium sulphonate standards, 
notably those . marketed by the company named 
CHROMPACK (Orsay-ies-Ulis, France), with respect 
to their respective retention limes, measured in a system 
and under gel-permeation conditions which are identi- 
cal. 

To the extent where the treated fractions, whatever 
the degree of purification reached, are in the state of 
physiologically acceptable metallic salts, such as those 
of sodium, they may then be converted into mixed or 
simple salts containing another physiologically accept- 
able metal, such as calcium, by any process applicable 
to the salts of heparin. Advantageously, it is possible to 
resort to the process described in French Pat. No. 73 
135S0 filed Apr. 13, 1973, by Applicant. It will be re- 
called that this process consists essentially, starting, for 
example, from a sodium salt of heparin, of contacting 
the latter with a different salt of another physiologically 
acceptable metal, for example calcium chloride, in solu- 
tion, of then proceeding with the separation of the me- 
tallic ions unbound to the heparin (for example by alco- 
holic precipitation or dialysis) and, to the extent that the 
substitution ratio reached is not sufficient, of recontact- 
ing, in solution, the mixed heparin salt obtained at the 
end of the first contacting, with a further amount of 
another salt, notably calcium chloride, according to the 
desired final substitution ratio. 

A further preferred MPS fraction of the present in- 
vention can further be obtained from one or the other 
hereabove described fractions, which further fractions 
are characterized: 

in that, in a gel-filtration operation on a gel column of 
polyacrylamide and agarose, in bead form, of the type 
marketed under the name ULTROGEL AcA 44, this 
fraction flows through after elution of a volume of 2.5 
liters, dead volume not included, when the gel-filtration 
is conducted, at a flow rate of 200 ml/hour, in a column 
having a diameter of 100 mm and a height of 1 m and 
when the concentration of the mucopolysaccharide and 
the volume of the solution placed on the column have 
been respectively 50 mg/rnl and 37.5 ml, the essential of 
this fraction being notably contained in the 1.5 liters of 
eluate which then How through, 

by a retention time of the order from 5.7 to 7.5, nota- 
bly from 6.6 to 7.0 minutes in a gel-permeation system 
on a column filled with silica of granulometry from 10 
to 100 microns, of 250 mm in height and 9 mm diameter, 
when 50 u,l of a solution of 1.3 mg/ml of this fraction in 
a 0.02M Na2S04 buffer, having been placed on this 
column, the elution of said fraction at a How rate of 3 
ml/minute then follows. 

Preferred fractions according to the present inven- 
tion are characterized more particularly again, on the 
one hand, by a particular affinity with regard to anti- 
throtnbin III manifested by their capacity to be fixed on 
the latter, notably in a system comprising the contacting 
of the fractions with an antithrombin III fixed on a 
support, such as agarose, in an 0.2M NaCI, 0.05M tris- 
HCI buffer at pi I 7.5 and, on the other hand, by Yin- 
Wessler and USP titers which are in the ratio (YW- 
/USP ratio) at least equal to 6, the Yin-Wessler titer 
itself being at least equal to 300 U/mg. 

Preferred fractions and compounds according to the 
invention are characterized by YW/USP ratios higher 
than 18, with a Yin-Wessler activity higher than 900 
U/mg. 
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Preferably again the tractions and compounds ac- This equivalence ot language will also extend to Un- 
cording to the invention are characterized by YW/USP NMR spectrum produced under different conditions 
ratios higher than 50. and with different references. 

The preferred compounds of trie invention are char- Referring more particularly 10 the NMR spectrum oi 

acterized by YW/USP ratios higher than 65 with a 5 the compounds according to the invention lor carbon 

Yin-Wessler activity higher than 1,300 U/mg. U ( U C), effected on solutions of these compounds d.s- 

The particular affinity of the fractions according to solved in deuteriated water w.th a radiation ol 20 MHz. 

the invention for Antithrombin III is an essential prop- ^crc are observed as character^ -elements of the 

erty to be relied upon for producing such highly en- spectrum (reference for the measurement of the. I Mb 
riched fractions, notably from the preceding ones, 1° (tetramethylsilane)): 

which process consists of effecting selective fixation of 'he absence practtcally of the.reso = »^char- 

the further enriched fractions or products of the present 'Cter.st.c of the presence of OH groups on the p .mary 

invention on antithrombin III. notably by contacting carbon (,n the 6 position) of the gluc^tne um^con- 

the initial fractions with immobilized antithrombin III. <a,ned '» lhe mucopolysacchar.de fracttons of the .„- 

Par h CU o%Tc^ P 0°/m TnC^Ti^^Z " "Sonal signals, in the region o*«he (h^nd (G.) 

such as Q2M NaCl. 0.05M tr.s-HCl at pH 7_ 5. and then corresponding to chemical displace- 

c uting the fued fraction with a buffer ot higher ionic 6 v * r 

e v. . j . . ,, , w ments of the order ot 100 ppm, _ 

force, sufficient to produce desorption. notably a 2M additiona , (G ,) signal close to- the G 2 N-sulphate 

NaCl, 0.05M tns-HCl bufier. 2Q in lhc ^ m { 

Of course, the starting material from which the last ^ ^ q{ . fl res0nance sigmil in lhe 75 ppm 

mentioned fractions or compounds are obtainable are n which normaily substantiaily no reS onance 

not limited to the first fractions according to the inven- ^ corresponding in the NMR-spectra> obtained 

lion which have been defined above. Particularly they undef similaj . conditions with a coivventiona ^heparin), 

may be obtained in any other suitable manner, notably 2$ (|he indicalion3 of chemical displacements indicated 

from the crude starting material whose nature has been abQve afe with respecti teethe C Hi: of the 

recalled above and from which said first fractions them- N-acetyl glucosamine groups contained in the MPS 

selves were obtained. according to the invention (25 ppm region in the spectra 

The invention relates more particularly also to the of the drawings)), 
substantially homogeneous compounds and in state of 3Q The homogeneous compounds according to the in- 
substantial purity which appear to constitute the essen- vention, in the practically purified state, which all have 
tial active principle of the preceding fractions. tne characteristics which have been described already 

These compounds are characterized by nuclear mag- above, as regards their USP and Yin-Wessler activities 

netic resonance spectra (NMR) carried out under the and tne j r specific affinities for antithrombin III, are also 

conditions indicated below and which are the subject of 35 characterized in that they are formed by a homogene- 
FIGS. 11, 12, 14 and 15. 

ous oligosaccharide having again the following addi- 

Referring more particularly to the NMR spectrum of tional characteristics: 

the compounds according to the invention for the pro- j t comprises from 8 to 12, notably 10 monosaccharide 

ton ( l H) carried out on solutions of these compounds units; 

dissolved in deuteriated water at 35* C. with a radiation ^ . d \\ t j ie primary positions of the glucosamine units of 

of 270 megahertz (MHz) there are observed as charac- tms oligosaccharide are sulphated; 

teristic element of the spectrum, resonance signals tms oligosaccharide comprises one N-acetyl glucos- 

which, for chemical displacement of the order of 4.8 amine unit for two 2-O-sulphate iduronic acid units and 

and 5.2 ppm, are substantially weaker than the reso- for two N-sulphate-glucosamine units^ithe other saccha- 

nance signal which is also observed for a chemical dis- 45 r i des being of different nature andMiieluding - separate 

placement of the order of 5.4 ppm (reference for the substitutents. 

measurement of the displacements: TSP (sodium 3- The molecular weights of certain at least of the oligo- 

trimethylsilyl propionate 2,2, 3,3-d4)).. saccharides according to the invention are situated in a 

The signals observed at the level of the chemical range from about 2,000 to about 3,000, notably from 
displacements of 5.4; 5.2 and 4.8 ppm correspond to the 50 about 2,500 where dec asaccharides are concerned, 

signals which, in the case of a conventional heparin The invention relates also to polysaccharides having 

studied by NMR under the same conditions, are respec- the above- indicated general propertiefeas regards more 

tively characteristic of the: particularly the USP and Yin-Wessleractivities, on the 

anomer proton, in the 1 position, of the glucosamine one hand, and the affinity for antithrombin III, on the 
N-sulphated units of heparin (signal Gi); 55 other hand, these fractions having a higher molecular 

anomer proton in the 1 position, of 2-O-sulphated weight, but also containing in their- structure an oligo- 

iduronic acid units (signal Ii) and saccharide part having the above mentioned structure, 

proton in the 5 position of 2-O-sulphated iduronic Other characteristics of the inventibhjwill appear also 

acid units (signal I 5 ). in the course of the description wh^fbllows of n re- 
in conventional heparins, the (G-i), (Ii) and (I5) sig- 60 ferred examples of the practising of the invention, nota- 

nals have all three intensities of the same order of mag- bly with reference to the drawinjpginpwhich: i 

nitude. FIG. 1 shows a characteristic elution diagram of a 

For convenience of language, reference will also be preferred mucopolysaccharide f raction ^ according to 

made below, even as regards the fractions or com- the invention, 

pounds according to the invention, to the signals (Gi), 65 FIGS. 2 to 7 shown the comparative biological prop- 
yl 1) and (1 5), to denote the signals observed in relation- ertics of mucopolysaccharide fractions according to the 
ship with the corresponding chemical displacements invention and of a conventional heparin with high anti- 
(whether for the proton or for 1J C). _.. . . . - coagulant activity (in USP titer^ggg^^^ 
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FIG. 8 is a diagrammatic elution diagram of a fraction 
according to the invention, on the practising of the 
process, also according to the invention, of selective 
separation of said fraction from a fraction also contain- 
ing other constituents; 5 

FIG. 9 is representative of an elution diagram charac- 
teristic of another preferred mucopolysaccharide frac- 
tion, according to the invention; 

FIG. 10 is the NMR spectrum of a conventional 
heparin for the 'H proton; 10 

FIGS. 11 and 12 are NMR spectra for the 'H proton 
of different fractions according to the invention; 

FIG. 13 is an NMR spectrum for the 13 carbon of a 
conventional heparin used in comparison; 

FIG. 14 is an NMR spectrum for the carbon 13 of a 15 
fraction according to the invention, and 

FIG. 15 is an enlargement of a part of the NMR 
spectrum of FIG. 14. 


EXAMPLE I 


20 


The raw material was constituted by 100 g of an 
injectable heparin having a titer of 170 IU/mg (USP 
units).* 

To this 100 g of heparin, 2,500 mi of 58* GL alcohol 
are added. After very vigorous stirring for "K5~minutes, 25 ' 
vigorous stirring is continued for 15 hours. The suspen- 
sion is then centrifuged at 7,000 rpm for 1 hour and the 
supernatant liquor is recovered: 2,400 ml. 

To this supernatant liquor 80 ml of saturated sodium 
chloride solution and then 2.400 ml of 100* GL alcohol 30 
are then added. 

The precipitated product is recovered, washed with 
alcohol and dried. It weighs 2.1 g. Its characteristics are 
as follows: 

USP titer: 45 IU/mg 35 

Anti-Xa titer: 160 U/mg. 

The anti-Xa/USP ratio was hence 3.55. 

EXAMPLE II 

The raw material used was derived from sub-frac- 40 
tions such as are obtained in the purification of com- 
mericial heparin, for the production of injectable hepa- 
rin. It is obtained notably in part from the supernatant 
liquor obtained by the addition of 0.6 to 0.7 volume of 
100* GL alcohol to an aqueous solution of heparin con- 45 
taining 10 to 20 g per liter of sodium chloride, the pre- 
cipitated purified heparin then being recovered for puri- 
fication. The raw material used here also contained 
various heparin purification residues, notably those 
obtained by alcoholic precipitations, for freeing injecta- 50 
ble heparin from traces of inorganic salts. 

To 10 kg of this raw material is added 30 volumes of 
58* GL (300 liters) of alcohol. The suspension is sub- 
jected to vigorous dispersion and agitation for 15 min- 
utes, the stirring being further maintained energetically 55 
for 12 hours. It is then left to stand for 48 hours, in order 
to produce precipitation of the non-solubilized raw 
material. The slightly cloudy supernatant liquor is taken 
up again and clarified by centrifugation. 

To the supernatant liquor (volume of 280 liters) is 60 
added 10 liters of a saturated solution of sodium chlo- 
ride, and then 1 volume (280 liters) of 100* GL alcohol. 
. The precipitate obtained, which contains the mucopoly- 
saccharide fraction, is washed with 100* GL alcohol, 
and then dried. 65 

660 g of a fraction are obtained whose Yin-Wesslcr 
andJJSP liters respectively are already in a ratio higher 

MiMr:»i T / frn " r; "" p,Q '»"( d) - , 


A supplementary fractionation is then made from this 
fraction, by dissolving the 660 g fraction in 13,200''ml of 
water. 

To the solution formed is added 264 g of sodium 
chloride, and then 1.5 volumes of 100" GL alcohol (19.8 
liters). The precipitated product is collected, washed 
with alcohol, then dried. 640 g of the Pl94HH(o frac- 
tion are obtained, having the following characteristics: . 

USP liter: 31 IU/mg, 

Yin- Wessler titer: 100 U/mg. - ^ 

The supernatant liquor contained also active muco- 
polysaccharide fractions (their recovery isictescribed in 
Example IV). 

The P194HH(Q fraction contains alsoTaXrelatively 7 T 
large amount of substances of high molecular weight 
mainly heparitine-sulphates, without anticoagulant ac- 
tivity, both in the USP test and in the Yiri^ Wessler test. 

After redissolving in a 0.5M NaCI, 0.1M tris-HCI 
buffer at pH 7.5, in the proportion Of 50 mg/ml, a gelfil- 
tration follows of a volume of 150 ml of the solution on 
AcA44, in a column of diameter of 215 mm, of 1 meter ' 
height, with a flow rale of 800 ml/hour. The high mo-_ 
lecular weight substances, of which chemofjrcpm 
heparitine-sulphates passes-in t he - 1 OTirepliters^oftejutedSS 
solution, dead volume not included. 

A mucopolysaccharide fraction with* Higher Yin- 
Wessler titer, with a ratio of the Yin-Wessler7USP titers 
of the order of 4 to 8, can be obtained from the next 6 
liters of eluate. 

EXAMPLE III 

This example describes a modification of the process- 
ing of the P194HH(o fraction of Example Til. After it 
being dissolved again in a 0.5 M NaCI, 0.IM tris-IICl 
buffer at pH 7.5, in a proportion of 50 mg/ml, it is sub- 
jected to a gel-filtration on ULTROGEL AcA 44, in a 
column of 10 cm diameter, 100 cm height. The elution 
How rale was 200 ml/hour. 

The eluate was collected in successive fractions of 50 
ml. The mucopolysaccharide content of each fraction 
was evaluated as follows: to 1 ml of the fraction was 
added 2 ml of 100* GL alcohol. Afterstanding for 2 . 
minutes, the turbidity of the mixture was' measured at 
660 nanometers, on a spectrometer -(optical density 
measurements). This turbidity was directly proportional 
to the mucopolysaccharide content of the tested solu- 
tion. - - ; 

The CIO fraction, contained in the last third of the 
fourth liter of eluate, dead volume not included, was 
collected. The ratio of the Yin- WessIer/USP titers of 
the CIO fraction was 50/6. 

EXAMPLE IV T _ w 

The final supernatant liquor of Examrjte^lxis itself 
supplemented with 19.8 liters of 100* Gil alcohol and 
the suspension formed allowed to stand fo?~24 hours. 

The precipitate formed was col tectedp washed with j 
100° GL alcohol and dried. 6 g were obtained of a 
fraction called P194HH ( /' ) having the following charac- - 
terislics: 

USP titer: 7 IU/mg, 

Yin-Wessler titer: 46 U/mg. 

EXAMPLE V 

The PI94HH(/') fraction was again dissolved in a 
0.5M. tris-HCI. 30-g/LNaCl buffer at^pjfe^^in tjiel 
c proportionkof^^m^ml^^ T "~ 
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The solution was subjected to gel filtration on an 
ULTROGEL AcA 44 column (Pharmacia K 100/100 
volume: 7 liters; height 100 cm; diameter 10 cm) with a 
flow rate of 200 ml/hour. 

The eiution diagram obtained is shown diagrammati- 
cally in FIG. 1, showing the variations in the content of 
material (optical density DO measured at 660 nanome- 
ters) as a function of the eluted volume, in liters (I). 

There was collected, after passage of a volume of 
liquid corresponding to the dead volume of the column 
successive fractions K, J, I, G, F, E f D, C, 13 and A,' 
whose volumes are indicated by the length of the corre- 
sponding abscissae segments of FIG. 1. 

Each of these fractions possess analytical characteris- 
tics which are shown in the following table. 

TABLE I 


12 


rate of 3 ml/minute. The detection of the material was 
done by UV spectrophotometry (200 jim). 

TABLE 11 


IVikIuci 


Retention time 
(minutes) 


Molecular weigh is 
relative to 


10 


15 


Fraction 

Weight 

USP titer 

Anti-Xa 

No. 


0U) 

liter (U) 

A 

120 

3.7 

44.4 

U 

120 

4.5 

72 

C 

250 

6 

54 

D 

160 

9 

135 

E 

300 

9 

144 

F 

400 

11 

143 

G 

300 

11.5 

161 

H 

200 

13 

143 

t 

50 

13 

91 

J 

200 

7 

14 

K 

3500 

0 

0 


Anti-Xa 
USP 


I'mmit..,, 

7.0 

2.600 


6.9 

2.9<XJ 

lM94Hli (C) 

6.3 

3JU0 


6.6 

4.I0U 

|H»lyMyrune- 

6.1* 

7,200* 

6.6 

4.000 

sulphtmate (1) 


polysiyrtrne- 

6.2 

6,500 

sulphonutc (2) 


|H>lyiiyrcne- 

5.4 

16.000 

sulphonaie (3) 


puly*lyrcue- 

4.7 

31.000 

sulphonate (4) 



12 
16 
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15 
16 
13 
14 
11 

7 
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It is observed that the fractions can be grouped into 
four types; 

(a) The Fractions A, B, C whose eJution volumes 
correspond, in the above-described operational proce- 
dure, essentially to the fourth liter eluted, whose USP 
titers are less than 10 and Yin-Wessler titers less than 80 
l 4 ^molecular weights are at the most of the order of 

(b) The fractions D f E, F, G, H, whose USP titers are 
less than 10 aad Yin-Wessler titers very high: 135 to 161 
units; these fractions also have the most favorable Yin- 
Wessler/USP liter ratios, from 13 to 16; they are essen- 
tially contained in the third liter of eluate; their molecu- 
lar weights arc of the order of 4,000 to 10,000, notably 
from 4,000 to 8,000; 

i (C ?i !5? fraclions 1 and J > wh <>se ^tios of Yin-Wes- 
sler/USP titers tend to become unfavorable, and which 
are probably already contaminated with the K fraction 
below and 

(d) The K fraction, containing again essentially hepa- 
rane-sulphates devoid of anticoagulant activity. 

In Table II are displayed the molecular weights of 
certain of the fractions estimated according to the reten- 
tion time measured in gel-permeation, by reference to 
those of the abovesaid polystyrene-sulphonates of 
known molecular weight. The fraction F characterized 55 
by a main peak corresponding to the retention time of 
6.6 minutes and by a shoulder corresponding to a reten- 
tion time of 6.1 minutes, which testifies to the presence 
of a constituent whose molecular weight is situated 
towards 7,200 in the reference system concerned. 

The measurements were done by gel-permeation (by 
means of a Spectraphysics 3500 chromatography on 
columns (250x9 mm) Tilled with silica of granulometry 
10-100 microns, notably those marketed under the 

Tr^h ,C i I . r0 gl!? Spher ' ° f solutioris of these fraclions in 
a 0.02M Na 2 S0 4 buffer in the proportion of 1.3 m* of 
mucopolysaccharide material/ml (volume initially de- 
posited on the column; 50 urn) and with an eiution How 


60 


65 


EXAMPLE VI 

Raw Material: 

It is formed of byproducts derived from the manufac- 
ture of injectable calcium heparinate from crude hepa- 
rins, such as those extracted from animal tissues (nota- 
bly intestinal mucous or beef or pork lungs), follows 
had the following characteristics: 
Weight: 252 kg 
30 USP titer: 82 IU/mg 

Yin-Wessler titer: 100 IU/mg. 
The processing steps described below were then re- 
sorted to. 

EXTRACTION WITH 58 - GL ALCOHOL 
The 252 Jcg of raw material were dispersed in 6,000 
liters of 58* GL alcohol with vigorous stirring. 

The insoluble phase was separated by decantation 
and centrifugation. 

The soluble fraction was recovered by the addition of 
NaCI and 100* GL alcohol. 
There was obtained: 

Insoluble fraction: 230 kg recycled in manufacture, 
Soluble fraction: 20.6 kg (USP titer=2I IU/mg, 
Yin-Wessler titer=90 U/mg). 

THE EXTRACTION OF THE FRACTION OF 
LOW MOLECULAR WEIGHT FROM THE 
FRACTION 

The fraction soluble in 58* GL alcohol was dissolved 
iu 512 liters of water (20 volumes). 

10.24 kg of NaCI were added and then 1.5 volumes of 
100* GL alcohol, namely 768 liters. The precipitated 
fraction was collected, dehydrated with~alcohol and 
dried. 

Weight: 19 kg 

USP titer: 22 IU/mg 
Yin-Wessler titer: 89 U/mg. 
This fraction was put aside and subsequently purified 
and converted into an injectable calcium salt. 

The supernatant liquor from the precipitation at 1.5 
volumes was supplemented with 1.5 volumes of alco- 
hol, namely 768 liters. The fraction precipitated was 
collected, dehydrated with alcohol and dried. 
Weight: 700 grams 
USP titer: 6 IU/mg 
Yin-Wessler titer: 40 U/mg. 
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This fraction of 700 grams was a mixture of low mo- 
lecular weight MPS, little suiphated high molecular 
weight MPS and more or less degraded nucleic acids. 

REMOVAL OF THE NUCLEIC ACIDS FROM 
THE LOW MOLECULAR WEIGHT FRACTION 

The major part of the nucleic acids was removed by 
precipitation with manganese chloride, in the following 
manner: 

The fraction of 700 grams was dissolved in 7 liters of 10 
water. 1 liter of 10% MnCh was added with stirring. 
The considerable precipitate formed (constituted by the 
insoluble manganese salts of the RNA and DNA) was 
removed by centrifugal ion. The MPS was recovered 
from the clear supernatant liquor by precipitation with 15 
alcohol. 

Weight: 480 grams 
USP titer: 8 IU/mg, 
Yin-Wessler titer: 54 U/mg. 

ISOLATION OF THE FRACTIONS OF VERY 20 
LOW MOLECULAR WEIGHTS BY 
GEL-FILTRATION 

The very low molecular weights were separated by 
gel-filtration on ULTROGEL AcA 44. 25 

A column of 200 mm diameter and 1 m height en- 
abled 25 grams to be treated. 

The elution diagram is of the type shown in FIG. 8. 

Three fractions (numbered from (1) to (3)) were col- 
lected. They had the following characteristics (for 25 30 
grams applied at the start): 

(1) weight: 16 grams USP titer: 12 IU/mg Y.W. tiler: 
30 U/mg f 

(2) weight: 7 grams USP titer: 6.5 IU/mg Y.W. titer: 
70 U/mg, 35 

(3) weight: 2 grams USP titer: 2.1 IU/mg y.W. tiler: 
60 U/mg. 
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CHROMATOGRAPHY ON INSOLU13ILIZED 
A NTITHROM B I N III 


40 


The preceding fraction (3) was subjected to chroma- 
tography on antithrombin III fixed on agarose. 

A column of 100 ml used at present enabled 700 mg of 
the fraction (3) to be treated. 

The absorption was effected in an 0.2M NaCl, 0.05M 45 
tris-HCl bulTer at pH 7.5. 

The elution was carried out by a 2M NaCl, 0.05M 
tris-HCI buffer. 

The unfixed portion (600 to 650 mg) had a USP titer 
close to 1 to 2 IU/mg and a Yin-Wessler titer from 10 to 50 
20 U/mg. 

The fixed portion (10 to 30 mg) had a USP titer from 
10 to 20 IU/mg and a Yin-Wessler titer from 1000 to 
1400 U/mg. 

EXAMPLE VII 55 

The fractions A, B and C of Example V hereabove 
were pooled into a single fraction which w;-s then sub- 
jected to an additional fractionation by selective fixa- 
tion on an agarose-antithrombin III columr.. under the 60 
conditions defined in Example VI. 

The fixed fraction was eluted. The fraction named 
below P194HPA was obtained. It possessed a Yin- 
Wessler titer of 3 10 U/mg and a USP titer of 40 IU/mg. 
. In the same way the above-mentioned fractions E and 65 
F for Example V were pooled. The separation proce- 
dure of the most active, fractions by the technique of 
flxaiion-eluiion defined above, by means of the agarose- 


antithrombin III column, was resorted to again. Finally 
there was obtained a fraction P194HHPF having a Yin- 
Wessler titer of 900 U/mg and a USP titer of 82 IU/mg. 

The said fractions IM94HHPA P194HHPF were 
subjected to NMR analysis, for the 'H proton. The 
same was done with a conventional heparin (702 1 HH). 

The analysis was carried out on each of the said prod- 
uct, previously dissolved in deuteriated water in the 
proportion of 14 to 62 mg/0.35 ml, with a BRUKER 
apparatus, 270 MHz, equipped with a FOURIER trans- 
form system and enabling the storage of accumulating 
spectra. The chemical displacements were measured 
with reference to TSP, as indicated above. 

FIG. 10 is representative of the NMR spectrum ob- 
tained with conventional heparin. FIGS. 11 and 12 are 
in the same way representative of the NMR spectra ef- 
fractions P 194HHPFand P 194HIIPA. 

It is noted, by comparison of the NMR spectra, that 
the (I|) and (I5) signals of the fractions according to the 
invention are distinctly less intense than the signal (G|), 
whereas these signals are substantially of the same inten- 
sity in the heparin reference spectrum. 

EXAMPLE VIII 

By applying the techniques described in Examples VI c 
and VII toother starting materials, there were obtained 
similarly fractions: 
P 219 HH: 

USP liter ^= 14 IU/mg 
Yin-Wessler liter =1350 U/mg 
P 225 HH: 

USP titers 17 IU/mg 
Yin-Wessler tiler = 1320 U/mg 
P 231 HH: 

USP liter- 16.2 IU/mg 
Yin-Wessler tiler- 1400 U/mg 
P 194 HH A: 

USP tiler-82 IU/mg 
Yin-Wessler titer = 901) U/mg 
P 242 HH A: 

USP titer- 16 IU/mg 
Yin-Wessler titer- 1800 U/mg 
P 255 HH A: 

USP tiler = 36 IU/mg 
Yin-Wessler titer = 2145 U/mg 
The P 242HHA fraction was subjected to NMR anal- 
ysis, for the 13 ( 13 C) carbon (FIGS. 14 and 15). The 
same was done with conventional heparin of reference 
707 1 HH (FIG. 13). The analysis was carried out on 
each of the fractions (in solution in deuteriated water in 
the proportion of 100 mg in 1 ml of D2O with a VA- 
RIAN CFT-20, 20 MHz apparatus, equipped with a 
FOURIER transform system (reference for the mea- 
surement of chemical displacements: TMS). 
There is observed: 

the absence practically of a resonance siguaLcharac- 
teristic at the presence of OH groups on the primary 
carbon (in the 6 position of the glucosamine units con- 
tained in the mucopolysaccharide fractions of the in- 
vention), . - 

additional signals (not contained in the NMR ; spec- 
trum of the reference heparin in the region of-the (I|) 
and (G|) signals, in regions corresponding to chemical 
displacements of the order of 100 ppm, 

a supplementary signal in the 60 ppm region close to 
the (G2) signal, 

the presence of a resonance signal in the-75 -ppm' 
region (to which normally no resonance signakcorre- .-. 
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sponds in the NMR spectra produced under similar 
conditions with conventional heparin), (the indications 
of chemical displacements indicated above are evalu- 
ated with respect to the CH3 of the N-aceiyl glucos- 
amine groups contained in the MPS according to the 5 
invention (region of 25 ppm in the spectra of FIGS. 14 
and IS). 

Signals particular to the fractions or compounds ac- 
cording to the invention arc marked with an asterisk in 
FIGS. 14 and 15. 10 

FIG. 15 also includes the CI integration curve, which 
enables it to be observed that: 

the compound was homogeneous, hence practically 
pure, 

it has the characteristics of a decasaccharide, 15 

it includes one N-acetyl glucosamine unit, for two 
units of 2-O-suiphate iduronic acid and for two 
N-sulphate-glucosamine units. 

The invention hence enables the preparation of mu- 
copolysaccharide fractions with high anti-Xa activity 20 
and having with respect to the Xa factor a remarkable 
selectivity in the framework of successive enzymatic 
reactions which characterize the coagulation process. 

This remarkable activity and selectivity are also illus- 
trated by the results of the pharmacological tests de- 25 
scribed below, which were carried out with the 
P188CH fraction, obtained after the conversion of the 
P194HHC fraction of Example II, which was in the 
sodium salt form, into the calcium salt form, by the 
above-recalled process. 30 

These results are illustrated by the curves of FIGS. 2 
to 7, which are all intended to show the comparative 
anticoagulant effects of the mucopolysaccharide frac- 
tion of the invention, on the one hand, and of a conven- 
tional heparin (170 USP units/mg), on the other hand. 35 

The curves of FIGS. 2 to 5 are illustrative of the 
variation observed in vitro of the coagulation times 
induced in human blood plasmas by increasing doses of 
a conventional heparin on the one hand, and of the 
P188CH fraction, on the other hand (the tests corre- 40 
s ponding to-PIOS- 4 and 5 having been carried out on 
plasmas free of platelets and consequently impoverished 
in factor XI). 

FIGS. 6 and 7 relate to the comparative results ob- 
tained in vivo in the rabbit, with the same P188CH 45 
fraction (FIG. 6) and the reference heparin (FIG. 7) 
(average of the results obtained on groups of five rab- 
bits). Each of the rabbits had received 500 Yin-Wessier 
units per kg of the composition to be tested. 

Concerning firstly FIGS. 2 to 5, they show the varia- 50 
tions of the times (in seconds): 

of thrombin (FIG. 2), 

of cephalin-kaolin (FIG. 3), 

of coagulation in the presence of concentrated throm- 
boplastin (FIG. 4) and of diluted thromboplastin 55 
(FIG. 5), 

induced respectively by the preparation studied, namely 
the mucopolysaccharide fraction (curves at, a2, a3 and 
a4) and the reference heparin (curves bi, b2, bj and b<t) as 
a function of the respective doses used, all expressed in 60 
USP units/ml. 

The thrombin time and the cephalin-kaolin time both 
constitute types of measurment reflecting rather the 
action of the preparations studied respectively on the 
inhibition of the activated factor II and the overall co- 65 
agulation. The curves of FIGS. 2 and 3 clearly show in 
this respect that the mucopolysaccharide fraction ac- 
cording to the invention exerts a distinctly lesser effect 


than that of the heparin of comparison on the inhibition 
of the inactivation of a prothrombin and at the level of 
the overall coagulation. In contrast, FIGS. 4 and 5, 
which are representative of the phenomena more di- 
rectly connected with the sequence of enzymatic reac- 
tions characteristic of extrinsic coagulation (notably in 
the relative absence of the factor Ha) show a distinct 
advantage of the mucopolysaccharide fraction of the 
invention with respect to the reference heparin. The 
MPS fraction causes under these conditions a slower 
coagulation of the blood specimen. 

In FIG. 6, there are shown the variations of the activ- 
ities measured in a rabbit which had received 500 Yin- 
Wessier units of a mucopolysaccharide fraction of the 
invention, as a function of time, expressed in hours. To 
evaluate these activities, recourse is had to the variation- 
of the Ytn- Wessler titers (curve YW5) and the cephalin-- 
kaolin titers (curve CKT5) (IU/ml plasma) as a function 
of time in hours (H). 

The same measurements were carried out with the 
reference heparin. The corresponding variations of the 
activities studied are illustrated by curves YW& and 
CKT 6 of FIG. 7. 

If FIG. 6 is examined, it is observed that the adminis- 
tration of 500 Yin-Wessier units of the mucopolysaccha- 
ride according to the invention causes a considerable 
anti-Xa activity, compared with the overall coagulabil- 
ity effect, expressed in CKT units, which remains rela- 
tively low. It is noted, for example, that at the second 
hour, the Yin-Wessier activity is 0.85 U/ml, whilst the 
CKT activity is only 0.15 IU/ml. To the contrary 500 
Yin-Wessier units/ml of reference heparin induce an 
effect expressed by the CKT titers, which is distinctly 
greater relative to the anti-Xa activity measurable by 
the Yin- Wessler titer. In particular, it is noted that at the 
second hour, the anti-Xa activity corresponds to 0.55 
U/ml, and that the overall anticoagulant activity, CKT, 
is of 0.38 IU/ml. The difference between the two titers 
is hence much smaller than in the case of the mucopoly- 
saccharide according to the invention. The ratio of the 
Yin-Wessier liter to the CKT titer hence passes from a 
value less than 2 for the reference heparin to a value 
greater than 5 for the mucopolysaccharide fraction of 
the invention. 

In vitro and in vivo tests are hence both in the sence 
of a distinctly more selective action of the mucopoly- 
saccharide fraction of the invention, notably at the level 
of inhibition of the Xa factor, than that of the reference 
heparin. 

The mucopolysaccharide fractions according to the 
invention are free of toxicity. The administration of 
10,000 U/kg (Yin- Wessler titer) of any of the fractions 
according to the invention causes in the rabbit neither 
any toxic reaction nor any pyrogenic effect in the pyro- 
genicity test in the rabbit according to the French Phar- 
macopoea. 

The invention hence relates more particularly to 
mucopolysaccharide fractions of the type which have 
been described, having notably an activity of at least 40, 
preferably at least 50, and even more advantageously 
again of at least 100 U/mg (Yin- Wessler titer). Fractions 
containing more than 300, particularly more than 900 
U/mg (Yin-Wessier titer) are even more preferred. It 
relates also to pharmaceutical preparations, having simi- 
lar activities, devoid of pyrogenic substances, and in 
association with pharmaceutical excipients. It relates in 
particular to the injectable, sterile, concentrated solu- 
tions of these fractions, useful in therapeutics, for the 
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8. The method of claim 5 wherein the administration 
bv injection is intravenous. 

9. The method of claim 8 wherein the dosage admin- 
istered discontinuously intravenously is from about 
1,000 to about 25,000 Yin-Wessler units per ml per 25 
hours. 

10. The of method of claim 4 wherein the administra- 
tion is intramuscularly in a dosage of from about 1,000 
to about 25,000 Yin-Wessler units per ml. 

11. A therapeutic composition for controlling throm- 
bosis and decreasing hemorrhaging and of blood hyper- 
coagulation risks which comprises a therapeutically 
acceptable carrier and heparinic mucopolysaccharide 
fractions having constituents of a molecular weight not 
in excess of about 10,000 daitons, which fractions have 15 
(1) a mixture of lower molecular weight fractions in the 
range of about 2,000 to about 4,000 daitons with higher 
molecular weight fractions of a molecular weight in the 
range of about 4,000 to about 10,000 daitons, (2) a Yin- 
Wessler of at least 40, and (3) a ratio of Yin-Wessler to 20 
USP titer in the range of 3 to 5, and the physiologically 
acceptable salts thereof, which mixture of fractions 
have improved antithrombotic activity in vivo which is 
higher than that of heparin and a whole anticoagulation 
activity lower and slower than that of heparin. 

12. The therapeutic composition of claim 11 which is 
a solution. 

13. The therapeutic composition of claim 12 wherein 
the heparinic mucopolysaccharides fractions are in so- 
lution in a concentration of about 1,000 to 100,000 Yin- 30 
Wessler units per ml. 

14. The therapeutic composition of claim 13 which is 
a solution of the mucopolysaccharides in a concentra- 
tion of about 5,000 to about 50,000 Yin-Wessler units 
per ml. 

15. The solution of claim 12 which is apyrogenic. 

16. The solution of claim 15 which is sterile. 

17. The composition of claim 11 wherein the pharma- 
ceutically irasgtable salt is a calcium salt. 

18. Heparjw^raucopolysaccharide fractions having 40 
constituentt^Stfi/a molecular weight not in excess of 
about lO.OOfrialtbns, which fractions have (1) a mixture 
of lower molecular weight fractions in the range of 
about 2,000 to about 4,000 daitons with higher molecu- 
lar weight fractions of a molecular weight in the range 45 
of about 4,000 to about 10,000 daitons, (2) a Yin-Wessler 
of at least 40, and (3) a ratio of Yin-Wessler to USP titer 
in the range of 3 to 5, which mixture of fractions have 
improved antithrombotic activity in vivo which is 
higher than that of heparin and a whole anticoagulation 50 
activity lower than that of heparin, and the physiologi- 
cally acceptable salts thereof. 

19. The heparinic mucopolysaccharide fractions of 
claim 18 wherein the lower molecular weight fractions 
are free of nucleic acids. 55 

20. The heparinic mucopolysaccharides of claim 18 in 
which the lower molecular fractions have a USP titer 
less than about 10 units per mg. 

21. The heparinic mucopolysaccharides of claim 18 
wherein the molecular weight is not in excess of about 60 
8,000 daitons. 

22. The heparinic mucopolysaccharides of claim 18 
which have a USP titer of about 45 units per mg, a 
Yin-Wessler titer of about 160 units/mg and a ratio of 
Yin-Wessler to USP titer of about 3.55. 

23. The heparinic mucopolysaccharides of claim 18 in 
which fractions below 4,000 have a ratio of Yin-Wessler 
to USP titer which is at least 10. 
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24. The heparinic mucopolysaccharides of claim 18 in 
which fractions of about 4,000 have a ratio of Yin- 
Wessler to USP titer higher than 11, and the Yin- 
Wessler is at least 900 units per mg. 

25. The heparinic mucopolysaccharides of claim 18 in 
which fractions have a Yin-Wessler to USP titer ratio 
higher than 60 and a Yin-Wessler of at least 1,300 units 
per mg. 

26. The heparinic mucopolysaccharides of claim 18 
wherein fractions above 4,000 have a USP titer not 
exceeding about 15 units per mg and a Yin- Wessler titer 
in the range of about 99 to about 160 units per mg. 

27. The heparinic mucopolysaccharides of claim 26 
wherein the fractions have a ratio of a Yin-Wessler to 
USP tiler is in the range of about 13 to about 16. 

28. The heparinic mucopolysaccharides of claim 18 
wherein fractions have a USP titer that does not exceed 
about 6 units per mg, a Yin-Wessler titter not less than 
about 44 units per mg and the ratio of Yin-Wessler to 
USP titers if about at least 9. 

29. The heparinic mucopolysaccharides of claim 18 
having low molecular weight fractions with specific 
affinity for amithrombin 111. 

30. The heparinic mucopolysaccharides of claim 18 in 
which fractions have 8 to 12 monosaccharide units 
corresponding to a molecular weight ranging from 
about 2,500 to 3,800. 

31. The heparinic mucopolysaccharides of claim 18 
wherein fractions have a molecular weight range of 
about 2,000 to about 8,000. 

32. The heparinic mucopolysaccharide fractions of 
claim 19 which are soluble in an aqueous-alcoholic 
medium, and insoluble in pure alcohol. 

33. A therapeutic composition which presents less 
risks than heparin of blood hypercoagulation and of a 
host hemorrhaging, which composition has improved 
antithrombotic activity (anti-X a activity) and improved 
selectivity with respect to anti-X a activity than heparin 
in vivo and a lower and slower anticoagulation activity 
than heparin, and which composition comprises a thera- 
peutically acceptable carrier and an antithrombotic 
effective amount of heparinic mucopolysaccharide frac- 
tions having constituents of a molecular weight not in 
excess of about 10,000 daitons, which fractions have (1) 
a mixture of lower molecular weight fractions in the 
range of about 2,000 to about 4,000 daitons with higher 
molecular weight fractions of a molecular weight in the 
range of about 4,000 to about 10,000 daitons, (2) a Yin- 
Wessler of at least 40, and (3) a ratio of Yin-Wessler to 
USP titer in the range of 3 to 5, which mixture of frac- 
tions have improved antithrombotic activity in vivo 
which is higher than that of heparin and a whole antico- 
agulation activity lower than that of heparin, and the 
physiologically acceptable salts thereof. 

34. The therapeutic composition of ctemr33 in which 
the lower molecular fractions of the heparinic 
mucopolysaccharides have a USP titer less than about 

10 units per mg. t 

35. The therapeutic composition of claim 33 m which 
the molecular weight of the heparinic mucopolysaccha- 
rides is not in excess of about 8,000 daitons. 

36. The therapeutic composition of claim 33 in which 
the heparinic mucopolysaccharides have a USP titer of 
about 45 units per mg, a Yin-Wessler liter of about 160 
units/mg and a ratio of Yin-Wessler to USP liter of 
about 3.55. 

37. The therapeutic composition of claim 33 in which 
fractions of the heparinic mucopolysaccharides below 
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4,000 have a ratio of Yin-Wessler to USP titer which is 
at least 10. 

38. The therapeutic composition of claim 33 in which 
heparinic mucopolysaccharides have fractions of about 
4,000 which have a ratio of Yin- Wessler to USP titer 5 
higher than 1 1, and the Yin-Wessler is at least 900 units 
per mg. 

39. The therapeutic composition of claim 33 in which 
fractions of the heparinic mucopolysaccharides have a io 
Yin-Wessler to USP titer ratio higher than 60 and a 
Yin-Wessler of at least 1,300 units per mg. 

40. The therapeutic composition of claim 33 wherein 
fractions of the heparinic mucopolysaccharides above 
4,000 have a USP titer not exceeding about 15 units per 15 
mg and a Yin-Wessler titer in the range of about 99 to 
about 160 units per mg. 

41. The therapeutic composition of claim 40 wherein 
the fractions of the heparinic mucopolysaccharides 2q 
have a ratio of a Yin-Wessler to USP titer is in the range 

of about 13 to about 16. 

42. The therapeutic composition of claim 33 wherein 
fractions of the heparinic mucopolysaccharides have a 
USP titer that does not exceed about 6 units per mg, a 25 


Yin-Wessler tiler not less than about 44 units per mg and 
the ratio of Yin- Wessler to USP titers if about at least 9. 

43. The therapeutic composition of claim 33 wherein 
the heparinic mucopolysaccharides have low molecular 
weight fractions with specific affinity for autithrombin 
III. 

44. The therapeutic composition of claim 37 wherein 
fractions of the heparinic mucopolysaccharides have 8 
to 12 monosaccharide units corresponding to a molecu- 
lar weight ranging from about 2,500 to 3,800. 

45. The therapeutic composition of claim 37 wherein 
fractions in the heparinic mucopolysaccharides have a 
molecular weight range of about 2,000 to about 8,000. 

46. The therapeutic composition of claim 37 include 
the heparinic mucopolysaccharide fractions which are 
soluble in an aqueous-alcoholic medium, insoluble in 
pure alcohol. 

47. The therapeutic method of claim 4 wherein the 
patient is exposed to risks of hypercoagulability. 

48. The therapeutic method of claim 4 wherein the 
heparinic mucopolysaccharides have a USP titer of 
about 45 units per mg f a Yin- Wessler titer of about 160 
units/mg and a ratio of Yin-Wessler to USP titer of 
about 3.55. 
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